The Rank Hilger Chemispek is a new microprocessorcontrolled continuous-flow multichannel analyser which is modular in design, allowing flexibility in configuration. It can be expanded from a minimum of two channels to a maximum of 16. Carryover is minimised by a unique method of controlling air segmentation of the liquid streams, together with a photometer which obviates the necessity to debubble before measurement. This, together with the built-in option of curve regeneration, allows very fast analytical rates to be achieved with low reagent consumption. In this evaluation a six-channel, standard electrolyte configuration was used in which sodium, potassium, chloride, bicarbonate, urea, and creatinine were measured at a sampling rate of 120 per hour with a 2:1 sample/wash ratio, though even faster rates may be achieved. SUMMARY The first production model of the Rank Hilger Chemispek multichannel analyser was evaluated. It is a six-channel machine for the analysis of sodium, potassium, chloride, bicarbonate, urea, and creatinine. We chose to run it at 120 samples per hour. The machine was shown to be economical in the volumes of both samples (200 fl.!) and reagents, flexible, accurate, and precise.
Its performance was better than that of other machines with a similar capacity and it is considerably cheaper.
half and quarter normal. The first is for priming or washing and the latter for standby purposes. Conventional colour-coded tygon pump tubes are used but with short intercollar distances. Flow rates are half those used in Technicon analysers.
(c) Two reagent: water wash selector valves with an off position to prevent run-back into the reagent containers.
(d) An analytical cartridge for each of the four colorimetric channels. The two cartridge holders contain the necessary electrical sockets and controls for heating baths. Air segmentation of the liquid stream is achieved using a special air injection block with a manual screw adjustment. By carefully rotating the screw, a regular bubble rate of 1 per second is obtained. This is important for the correct functioning of the flow cells and photometers.
(e) Two twin-channel photometers. The light source is quartz-iodine, and appropriate interference filters are used. Each contains gating DESCRIPTION circuitry to obviate debubbling and circuitry to The first production model of the Chemispek was allow the selection of curve regeneration. installed in our laboratory during September 1979 (f) A flame photometer with its own sample after a training course organised by the manu-dilution system (Instrumentation Laboratories 543). facturer. The modules are located on a purpose-built The sample stream is split, and a portion is pumped bench with centralised drainage. Reagent containers to the flame photometer where it is diluted with IL are placed on a shelf below the top surface. The lithium chloride reagent and the sodium and modules are as follows: potassium are measured. It is interfaced to the (a) A 60-position sampler. The electronic timing microprocessor via a digital to analogue converter. is variable with two multiposition switches for the (g) A six-pen recorder (Bryans Southern) with selection of sample and wash times.
which all channels may be monitored singly or (b) Two 16-channel peristaltic pumps. Each has simultaneously using either the full chart width or four selectable rotation speeds: fast, normal, and one-sixth of the chart width. 15
(h) A microprocessor-controlled data-handling system containing hard-wired read-only and randomaccess memory. Variables which the user may program include the number and values of the standards, the type of curve fit, and data correction options. The microprocessor correlates signals from all six channels, standardises, calculates, and corrects results as instructed. Printed results are identified by plate and cup number, and abnormally shaped peaks are flagged. (i) A matrix printer (DEC LA 36). The keyboard is used to communicate with the microprocessor.
(j) A cassette tape recorder. All operational data fed to the microprocessor can be recorded on tape and rapidly fed back to the microprocessor when required.
(k) A power distribution unit. Useful indicator lamps warn of possible malfunctions.
The chemistries of the four colorimetric channels are similar to those used on the Technicon SMA 6/60: chloride, mercuric thiocyanate; bicarbonate, cresol red; urea, diacetyl monoxime ; and creatinine, Jaffe reaction. Reagent solutions were supplied by BDH, Poole, Dorset, UK.
Early faults included leaking dialysers, a batch of faulty pump tubes, a faulty sampler microswitch, microprocessor faults, and a too-vigorous sampler arm action resulting in spray formation. All of these were corrected satisfactorily by the manufacturer.
Electrical and mechanical safety appeared to be satisfactory. The instruction manual received with this first instrument was incomplete.
INVESTIGATION OF OPTIONS

Standardisation
The standards tray protocol allows for a maximum of seven standards in duplicate. A series of seven aqueous standards was prepared with the concentrations shown in Table 1 . The photometer output calibration control for each channel was adjusted by inspection of the chart recording so that Photometer outputs of these standards in millivolts were obtained on the printer and were examined graphically and by regression analysis. Three channels were linear through all points (sodium, r = 0'9993; potassium, r = 0'9999; creatinine, r = 0,99997), while for the other three the best fit was a quadratic curve (chloride, r = 0'99997; bicarbonate, r = 0·9998; urea, r = 0'99997). We therefore selected the quadratic curve fit option on the microprocessor for chloride, bicarbonate, and urea and decided to use the maximum of seven standards available to obtain the best curves. Preliminary experiments have shown that excellent curve fitting is obtained with standards in a range up to 100 rnrnol/l for urea and 2000 fLmolfi for creatinine, but we have not yet examined inaccuracy and imprecision at low levels using an extended range of standards.
Because of the difficulty entailed in preparing a range of seven serum standards we decided to use the aqueous standards described above.
Drift and carryover corrections
In the first production model, carryover correction factors were calculated by the microprocessor from duplicate aqueous standards. A drift control was placed at plate positions 1, 2, 11, 12, etc. We examined each test channel separately with the microprocessor programmed to calculate results simultaneously with:
(a) no corrections applied (standard curve through zero), (b) no corrections applied (standard curve not through zero), (c) drift correction only applied, (d) carryover correction only applied, (e) both drift and carryover corrections applied. Trays were run of aqueous and serum samples at different levels. A comparison of (a) with (b) showed that calculation of the standard curve omitting zero was necessary only with chloride.
Drift correction Comparison of 'no correction' and 'drift correction only' channels showed that the latter produced a statistically significant improvement on all test channels when drift had occurred.
Carryover correction The carryover factor derived by the microprocessor using the series of aqueous standards was found to be unsatisfactory. We assessed the carryover correction on both aqueous and serum samples.' Results were variable for different test channels, and differences were noted between the effectiveness of the correction on aqueous and serum samples.
Curve regeneration
The optimum curve regeneration settings on the photometers were determined for the four colorimetric channels and the carryover effects were reexamined. On the creatinine, urea, and bicarbonate channels the values produced using curve regeneration showed little carryover, thus allowing us to proceed without using the microprocessor carryover correction. We therefore decided to use drift correction on all six channels and curve regeneration on the bicarbonate, urea, and creatinine channels for all further preliminary studies.
Except in the analysis of creatinine, the Chemispek was programed to calculate results to one more significant figure than is conventional with patients' data. Chemispek was standardised and the plates were run successively with only drift correction selected. It should be noted that carryover makes a large contribution to within-batch imprecision measured in this way.
Methods
BETWEEN-DA Y IMPRECISION
A pool of commercial serum was aliquoted into 25 portions and stored deep frozen. Over a period of five weeks one aliquot was thawed and measured 124 times during the analysis of 25 batches of assorted samples." INACCURACY Assorted specimens from external quality control schemes (IS from the Wellcome QCS and 8 from the National QCS), which had been analysed in the routine laboratory during 1979 and stored deep frozen for varying periods, were analysed in batches interspersed with other specimens over five weeks. The consensus values were obtained from our quality control records.
Initial results and assessment
RESULTS
The within-batch imprecision of the unmodified Chemispek using curve regeneration but not the carryover correction was compared with the imprecision of local laboratories which used the Technicon SMA 6/60, the Technicon SMA II, the Technicon SMAC, and the IL 7-channel (499, 743, and 446) to measure the same specimens in the same order. The laboratories were asked to ensure that their analysers were performing optimally before the specimens were analysed. The results are shown in Table 2 .
Between-day precision results are shown in Table 3 . One potassium value was excluded (5'5 rnmol/l) because the result was flagged by the microprocessor and the recorder trace confirmed that the peak was misshapen.
Inaccuracy results are shown in Table 4 .
Reassessment
CARR VOYER CORRECTION
After we had carried out our initial assessment we were provided with modified boards for the microprocessor which incorporated an initial calculation of carryover correction factors based on repeated measurements of three high and three low sera.'
After these modifications had been carried out and after the introduction of the Chemispek electrolyte analyser into the routine biochemistry laboratory, we reassessed performance. Drift was assessed from the results of paired analyses of serum specimens of high, medium, and low concentration on successive plates of 40 specimens.f Carryover and withinbatch imprecision were assessed as above.l " Inaccuracy was assessed by the analysis of specimens from external quality control schemes and commercial assayed sera, and between-day imprecision by the measurement of samples analysed once during each of 28 daily batches of electrolytes.
storing working standards deep frozen (stable for at least six months) or by making up fresh standards at monthly intervals and storing them at 4°C. Our imprecision studies on the creatinine channel gave coefficients of variation greater than quoted acceptable limits, largely because of excessive baseline drift. We were unable to obtain the correct (assigned) value for the drift standard from the standard curve, and 10% drift was often exceeded by the end of the first plate of sera.
The drift appeared to be due to the sensitivity of the method to changes in room temperature. By blowing hot or cold air over the cartridges it was found that, while all four colorimetric channels showed some response to temperature change, by far the greatest sensitivity was recorded on the creatinine channel, which gave a 25 % response for a temperature change of 8°C.
Ambient temperatures are difficult to control in most hospital laboratories, so it was decided to incorporate a 37°C water bath in the creatinine channel after addition of the picric acid and sodium hydroxide. Drift on the baseline became minimal, and imprecision and inaccuracy statistics improved to well within quoted acceptable values. Our initial assessment of the Chemispek electrolyte analyser was that it was potentially a fast, accurate, and precise machine using well-proven chemical methods, was economical in the volumes of both samples (200 flol at 120/h) and reagents, and had an analytical precision at least as good as that of other machines with a similar capacity. The least satisfactory results were for creatinine: the within-batch coefficient of variation was 2·6 % at 202 flomol/l and 3·9% at 102 flomol/I; and the between-batch precision over 25 days was 5·7 % at 177 flomol/1. The bicarbonate channel gave values somewhat lower than the consensus values. A major disadvantage of the system was that the microprocessor was programed for a completely unsatisfactory system for carryover correction based on data from pairs of aqueous standards. 
Modifications Results
CREATININE
During early runs we had problems with both imprecision and inaccuracy due to the instability of creatinine in the (alkaline) mixed aqueous standards at room temperature. This was overcome either by
Drift
The greatest drift was shown with the high bicarbonate specimens (0'6 mmol/I at 31 mmol/I-1·9%) and the next greatest with the high creatinine An evaluation of the first production model of the Rank Hilger Chemispek multichannel electrolyte analyser 19 specimens (9'4 flmol/I at 650 flmol/I-1·4%).
Other values that were statistically significant by the paired-t test were 0-4% for sodium and 0'3% for potassium, both clinically and analytically small. It was apparent from these data that the drift correction program was not entirely satisfactory for reasons discussed later.
Carryover
After introduction of the new carryover program into the modified instrument, carryover was reduced from low to almost unmeasurable values (Table 5) .
Within-batch imprecision
Imprecision was reduced on most channels and at most levels; on the average the coefficients of variation achieved by the modified instrument were 54% of those specified by Technicon as acceptance criteria for the SMA II electrolyte analyser (Table 6) .
Between-day imprecision
The results are shown in Table 7 . Bicarbonate was the least precise channel, with coefficients of variation of 5·4% at 9'1 mmol/I and 3'4% at 21·8 mrnol/l. For all other channels, the between-day coefficients of variation were all less than 2 % at high or medium levels, and less than 5 % at low levels.
Inaccuracy
The values obtained with the modified instrument are plotted against the consensus or assayed values in Figures 1-6 . All channels except bicarbonate appeared to be satisfactory, the latter again giving values that were slightly too low. This was found to be due to an error in the stock bicarbonate solution which was readily rectified.
Number of serum dilutions required for urea and creatinine
This hospital has a large renal unit and is the regional centre for renal transplantation. Because the highest standards we used on the Chemispek for urea (50 rnmol/lj andcreatinine (1000 flmol/I) were set at only 75% transmission, it was possible to obtain a printout of urea values up to 70 mrnol/l and of creatinine up to 1500 fLmolJI. We found that the data obtained in this way were less imprecise than those obtained by dilution, even though the limit of the standard curve was exceeded, presumably because the additional error involved in the process of dilution is avoided. The number of serum dilutions required, compared with a machine with maximum values of 50 mrnol/l for urea and 1000 !J.mol/l for creatinine, were reduced by about 80 % for both urea and creatinine. Using the protocol of McClelland et al.,! we compared the within-batch imprecision of urea and creatinine at low levels after setting the highest standard at 75 %transmission with the imprecision after expansion to 100% transmission, but there was no significant improvement (p >0· 25).
PROBLEMS DURING ROUTINE USE
Some mechanical wear occurred on the centre pump rollers; these are now being manufactured from a more robust material. During a total of 12 months' running, all four heating baths and both photometer bulbs failed and were replaced, and the 6-pen recorder developed an electrical fault on one occasion. A number of faults with the microprocessor programs became apparent during routine running. Sodium and potassium peaks were flagged as abnormal when they appeared to be perfectly acceptable on the chart record, while clearly abnormal peaks on the other four channels were sometimes ignored. The drift correction program accepted drift values that were outside the programed drift limits, with the consequence that after a block on a drift standard, for example, completely erroneous results were printed out. In addition, the drift correction program carried drift values forward from the end of one plate to the beginning of the next, whatever the time interval between them, unless a fresh start-up procedure was undertaken. The faults were usually clearly apparent to the operator, and the economy in sample size and the speed of the machine were such that the occasional necessity to re-run specimens or even plates was inconvenient but caused no major organisational problems.
The printer output has a horizontal format with a number of blank lines between the line carrying the date and sample identification and the line carrying results. This seems wasteful, and it has been suggested to the manufacturers that the number of blank lines should be made flexible and programed in by individual users.
These microprocessor program deficiencies have been recognised by the manufacturer, and reprograming of the microprocessor, with the benefit of advice from members of the Scientific and Technical Committee of the Association of Clinical Biochemists, is being undertaken.
Conclusion
The microprocessor program deficiencies described above remain to be corrected. However, in spite of these faults, we have no reason to change our initial assessment of the Chemispek electrolyte analyser. It is a fast, accurate, and precise machine using well-proven chemical methods and is economical in both sample size and reagents. The analytical range for urea and creatinine is wide, so that it is rarely necessary to dilute samples from renal patients for re-analysis. We found its performance to be better than that of other machines with a similar capacity, and it is considerably cheaper.
